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ABSTRACT
A Cytological, Morphological, and Anatomical
Study of Elymus simplex
by
Stephan L. Hatch, Master of Science
Utah State University, 1972
Major Professor: Arthur H. Holmgren
Department: Botany
The purpose of this paper is to clarify the taxonomy, report the
chromosomenumber, report meiotic chromosomebehavior, and give the
anatomy of Elymus simplex Scribner and Williams. The isotype of Elymus
simplex and the type description were used to compare this and other

species that have been confused.
Cytological and anatomical methods are reported as an aid in
clarification

of the taxonomic problem that has been associated with

this species.
(37 pages)

INTRODUCTION
This study was concerned with the taxonomy, meiotic chromosome
behavior, chromosomenumber, leaf and stem anatomy, and leaf epidermis
of Elymus simplex, Scribner and Williams (1898),
The taxonomyof E. simplex has been confused since Hitchcock
(1935) combined some other species with it.

The morphological descrip-

tion of E. simplex by Scribner and Williams (1898) and the description
in Hitchcock (1935, 1951) do not describe the same species,
of the differences,

many specimens have been incorrectly

Because

identified.

The chromosomenumber of E. simplex has not been reported in any
of the literature,

therefore a detailed analysis of the pollen mother

cells was made in an attempt to establish the chromosomenumber, degree
of chromosomepairing, laggards, micronuclei, and other chromosomal
abnormalities.
It has been suggested that many Elymus spp. are hybrids (Stebbins,
1956). The data should provide evidence as to the specific nature of
E. simplex.

The leaf epidermis, leaf and stem anatomy may be helpful

in comparing E. simplex with other Elymus spp. and determining their
taxonomic position.

Bulliform cells of the leaf, their number, and

position in the leaf should be valuable in placing this taxon in the
proper phylogentic order,
The objectives of this paper are to:
1.

Help clarify the taxonomic problems associated with E. simplex.

2

2.

Report and establish

the chromosomenumber of E. simplex.

3.

Report the meiotic chromosomebehavior of E. simplex.

4.

Report the anatomy of E. simplex.
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REVIEW
OF THELITERATURE
Elyrrrussimplex was described by Scribner and Williams (1898). Ae S,
Hitchcock (l 934) treated E, sirrplex as E. tritiaiodes

var. sirrplex.

In 1935, A. S. Hitchcock again treated E. sirrplex as a variety of E,
tritiaoides.

In 1951, Hitchcock treated E, sirrplex as a species keying

out next to E. tritiaoides
of awn length.

Buckle and E. paaifiaus Gould on the basis

E. tritiaoides

and E. paaifiaus are said to be awn

pointed and E. sirrplex is awned 3-14 mmlong (Hitchcock, 1951),
Hitchcock (1951) has combined something else with E. sirrplex in
his description given in the Manual of Grasses of the United States.
This has been the extent of the literature
From the literature

dealing with E. simplex.

mentioned above, one may see that this species

has a history of taxonomic confusion.
Avdulov (1931) recognized the importance of chromosomenumber in
grass taxonomy and has recognized a basic numberof X=7for the
Festucoideae subfamily.

The basic number was used in connection with

other characters to reach the subfamily.
Carnahan and Hill (1961) stated the importance of polyploidy in
grasses.

They stated that approximately 80 percent of all grasses

are polyploids.
hybridization,

The polyploidy may not have been associated with
but this process, followed by doubling of the chromosomes,

is recognized as an important evolutionary process.
The chromosomenumbers of Elyrrrusspecies that appear to be closely
related to E. simplex are:

E. tritiaoides

Buckl. 2.!!_=28
by Gould (1945),

E. paaifiaus Gould 2n=42 by Gould (1945), E. ambiguus Vasey and
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Scribner 2.!!_=28
by Brown (1948), E. salina Jones 2.!!_=56
by Jensen (1971),
and E. hirtiflorus

Hitchcock 2n=28 by Bowden(1959).

Most of the

chromosomenumbers in Elymus are 2.!!_=28
with a range from 2.Q_=l4
to 2n=84,
Prat (1932) observed the absence of bicellular
Festucoid grasses.
macrohairs.

microhairs in

He found the Festucoid grasses to possess only

Metcalfe (1960) stated that subfamily differences exist

in the shape of the subsidiary cells and the arrangement of long cells
and short cells over the veins.
characteristics

Domeshaped subsidiary cells are

of Festucoid grasses, and these grasses have single-

celled macrohairs.
Metcalfe (1960) says the diagnostic generic characters for Elymus
are:

short cells solitary

or paired over the veins, microhairs absent,

stomata with low dome-shaped or parallel

sided

subsidiary cells,

vascular bundles not angular in outline,

double bundle sheath, and

mesophyll with chloroenchyma not radiate.
Avdulov (1931) and Prat (1936) recognized two types of leaf anatomy
and associated a double bundle sheath with the Festucoidea~ subfamily.
Gould (1968) stated that subfamily and tribal

differences

involve the

number and type of vascular bundle sheath cells and the type and arrangement of cells in the mesophyll.
In Festucoid-type leaves, the chlorenchyma of the mesophyll are
loosely and irregularly

arranged.

Differences also exist in the number

and position of sclerenchyma cells above and below the vascular
bundles (Gould, 1968).
Metcalfe (1960) used the bulliform cells as a diagnostic character
for separating groups of grasses.

He placed Elymus spp. in a group with

bulliform cells of variable size, but none of them especially
usually in deep furrows of adaxial surface of the leaf.

large,
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MATERIALS
ANDMETHODS
Origin of Experimental Material
On June 19, 1970, a trip was taken to Green River, Sweetwater
County, Wyoming,for the collection
collection

Six

of specimens of E. simplex"

areas were found along the banks of the Green River (in the

E" simplex topotype).

These areas cover a 20-mile stretch of river

from Green River northwest to Stauffer,

Wyoming.

The habitat for this species was a semi-damp riverbank and gullies
where ephemeral streams enter the Green River-

This species seems to

require a large amount of sunlight and an open habitat,
On June 12, 1971, another trip was made for the collection
E, simplex cytological

material"

Four of the collection

of

areas

(numbers 604, 607, 612, and 614) were chosen for use in obtaining
cytological data,
Methods
The two specimens of E. simplex at the Tracy Herbarium (Texas
A&M
University) were examined and compared with the type description.
Neither of the specimens at the Tracy Herbarium matched the type
description.
The 43 specimens from the National Herbarium were examined. This
included the isotype specimen (William number 2366) from Green River,
Wyoming. The Rocky Mountain Herbarium had four specimens labeled
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The morphological data were taken from the collection

E. simplex.

while in the field and from the transplant

garden.

A total of 237 potted plants of E. simplex were transplanted
Wellsville,

areas

to

Cache County, Utah. These were placed into a transplant

garden for observation of morphological and anatomical materials.
The collected spikes of E. simplex were fixed in Newcomers solu1

tion (Newcomer,1953).

The spikes were left in this fixative

for three

days and then placed in 70 percent ethyl alcohol for an indefinite
period.
Cytological investigations

were carried out in June and July of

1971. Smears of E. simplex pollen mother cells were made using the
anther sacs; the anther sacs were then removed so as to avoid confusion
with the mitotic divisions of the tapetal cells.

This procedure pro-

vided excellent temporary mounts for interpretation.
Diplotene, diakinesis,

metaphase I, anaphase I, and metaphase II

stages were found to be satisfactory

for interpretation

of behavior

and the counting of chromosomes.
The first

pollen smears were made (with the acetocarmine technique)

using the same material from the spike as that used for the chromosome
analysis.

This procedure proved unsatisfactory

pollen appeared sterile.

because all of the

The procedure was unsatisfactory

because the

pollen was immature. Pollen analysis should be taken from older mature
spikes.
The second pollen smears were made using potassium-iodide solution
as the stain.

Mature spikes collected

in August, 1971, were used.

Whenthe mature pollen grains were placed in potassium-iodide,
stainable pollen turned black.

The sterile

the

pollen remained golden.
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Anatomical data were obtained from the stem and the second stem
leaf from the top.

The stem and leaf sections were cut using the

freezing microtome. These sections were stained in 0.1 percent safranin
for 3 minutes and fast green for 30 seconds.

The stained sections were

made into temporary slides and examined under the microscope.

Line

drawings were made of each type of section to record the data.
The ecological notes on E. simplex were taken in the topotype of
this species.

Soil samples (2 inch x 2 inch x 18 inch deep) were taken

from a hole 2 feet deep.

These samples were tested for pH using dye

with phenol red as an indicator of pH from 6.6-8.4,
and habitat notes were taken at each collection
All interpretations

Associated species

site.

of cells and photographs were from temporary

mounts. Microscopic interpretations

of the slides were made using an

American Optical microscope with 45X achromatic objective (N.A. 130)
and matching lOX oculars and condenser.
a Carl Zeiss microscope and 35 mmcamera.

Photographs were made using
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RESULTS
Taxonomy
The following is the type description

of E. simplex from the U.S.D.A.

Division of Agrostology:
ELYMUSSIMPLEX Scribn. &Williams, sp, n. (PL. XVII.)
A rigid species, 3 to 4 dm. high, the erect stems from
strong, creeping rootstocks, with flat pungently-pointed
rigid leaves and densely flowered spikes 5 to 8 cm. long.
Culms branching at the very base, growing in thin, scattered
tufts.
Lower sheaths crowded, exceeding the internodes,
glabrous and smooth. Ligule very short, auricled.
Leafblades 4 to 10 cm. long, 3 to 6 mm. broad, becoming involute
when dry, smooth the lower surface strigose-scabrous above,
the very sharp involute tips straw-colored. Axis of the
panicle scabrous strongly flattened and scabrous on the
edges, not readily breaking up. Spikelets solitary or in
pairs sessile and shortly pedicellate, slightly compressed,
usually crowded, rarely remote, about 1.5 cm. long 5-to-7(or more in var. luxurians) flowered. Emptyglumes slightly
unequal, very rigid, the longer one about l cm. in length,
narrowly lanceolate, very rigid and long subulate pointed.
First flowering lemmaabout 7 mm. long, rounded on the back,
smooth, more or less glaucous, extending into a rigid awn
5 to 6 mm. long. Palea deeply sulcate toward the base about
as long as its lemmaaculeolate scabrous on the strong keels,
excepting near the base. Apex narrow, minutely 2-toothed,
very minutely scabrous or subpubescent on the back.
Type specimens represented by No. 2334, ThomasA.
Williams, collected on banks of Green River, Wyoming,July
8, 1897, altitude 1,800 meters. No. 2366 of the same
collection belongs here. This was collected on edges of
ponds and along river bottoms in the same vicinity growing
with Distichlis
spicata.
(Scribner and Williams, 1898, p. 57)

The following description
71 specimens of this species,

of E. simplex was made using averages of
The measurements were taken while in the

field and from pressed specimens.

This description was written prior

to finding the above type description.
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An erect perennial grass, 2-6 dm in height, from strong creeping
rhizomes; culms with stiff,

flat pungently-pointed leaves, culms branched

at the base growing in scattered tufts;

lower sheaths crowded, glabrous,

exceeding the internodes; ligule 0.5 mm;auricles small, weakly clasping;
leaf blades 5-20 cm in length, 3-5 mmwide, often inrolled,

lower

surface smooth, upper surface scabrous; inflorescence a spike, 5-11
cm in length, axis scabrous and strongly flattened;

spikelets 1"5 cm

in length, usually paired, sessile to shortly pedicilate,

crowded,

5-7 flowered; glumes 5-8 mm, rigid, subulate, asymetrical, slightly
unequal, glabrous and rounded on the back; lemma5-8 mm, glabrous rounded
back, ciliate

hyline margin, extending into a rigid awn 3-5 mmlong;

palea 5-7 mm,deeply sulcate toward the base, bifid apex, scabrous on
back; anthers 3,5 mmwith a short filament; caryopsis 5 mmlong,
sparsely produced, cross pollinating.
The two descriptions

correspond closely to the morphology of the

type specimen" The type specimen, William 2334, was not examinedn
However, Williams 2366, an isotype, was examined,
The 43 specimens from the United States National Herbarium contained:

17 specimens of En simplex, 17 specimens of E. salina, 2

specimens of E, ambiguus, l specimen of E. hirtiflorus,
En tritiaoides,

l specimen

4 specimens of Agropyron spp,, and l unidentifiable

specimeno
The six specimens from the Rocky Mountain Herbarium contained:
five specimens of En simplex and one specimen of E, salinan
E. simplex is distributed

throughout wouthern Wyomingand sparsely

in central Colorado on the riverbanks.

The center of distribution

appears
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to be in Sweetwater County, Wyoming,along the banks of the Green River
north of Green River, Wyoming.
The representative
1.

specimens are as follows:

Colorado: El Paso County Silveus 199? (T.A.E.S.), Lake County

Gooding 3964 (U.S.), SummitCounty Shear 1064 (U.S.).
2.

Wyoming: Albany County Williams 2243 (U.S.), Williams 2261

(U.S.), Nelson 3335 (U.S.), Nelson 261 (U.S,); Crook County Williams 2589
(U.S,), Laramie County Nelson 3335 (U.S.); Sweetwater County Williams
2332 (U.S.), Merrill 36 (U.S.), Merrill ?4 (U.S.), Nelson 3892 (U.S.),
Williams 2340 (U.S.), Hatch 604 (T.A.E.S.), Rydbery 2042 (U.S.), Nelson
4451 (U.S.), Merrill 36 (R.H.), Vosler 165 (R.H.), Smith 1809 (R.H.),
and Nelson 3335 (U.S.).
Meiotic ChromosomeBehavior
Prophase I
The chromosomepairing at diplotene and diakinesis was good. The
nucleolus disappears at the end of diplotene.

Chromosomepairing was

best observed at diakinesis and metaphase I.
Diakinesis and metaphase I
A total of 213 pollen mother cells were interpreted.

All cells

observed show that E. simplex has good pairing with 14 bivalents and
a chromosomenumber of 2n=28.
Most of the bivalent associations were rings, with only about one
rod bivalent per cell at metaphase I.

Someof the cells examined show

many of the chromosomesto be sticky at metaphase I.
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Table l.

Chromosomalassociations at metaphase I in E. simplex
14 I I

No. of spikes

122

122

5

604

8

8

2

607

13

13

2

612

70

70

8

614

213

213

17

4

No. of cells

Total

No. collection

Anaphase I
A total of 175 pollen mother cells were observed.
were sticky in appearance in 81 of these divisions.

The chromosomes

Over 50 percent of

the divisions appeared normal. Laggards were observed in 3 percent of
the divisions.
Prophase II
E. simplex showed a short prophase II during meiosis.

The chromo-

somes were relaxed and returned part of the way to the conditions existing at interphase,
Metaphase II
Most of the cells observed showed that metaphase II divisions were
normal.
Anaphase II
Twohundred eighty-eight pollen mother cells were observed.
divisions occurred 98 percent of the time.

Normal

Slightly over 2 percent of
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the cells showed laggards,

All of the cases observed with laggards

showedonly one laggard per cell.

All of the laggards observed were

chromati ds,
Tetrads and micronuclei
One thousand two hundred eighty-eight
2 percent showedmicronuclei in the cells,
were normal tetrads,
three per tetrad,

cells were observed,

Over

The remaining 97 percent

The number of micronuclei ranged from one to
In most cases, there were two micronuclei per tetrad

in those tetrads having micronuclei.

The frequency of micronuclei in

the tetrad correlated closely with the frequency of laggards in anaphase
II and telophase II.
Pollen
One thousand three hundred thirty-five

pollen grains were counted.

Of the pollen grains observed, 96 percent were stainable (viable) and
4 percent abortive.

The abortive pollen was reduced in size, contained

no starch, was shrunken, and did not stain,
Anatomy
Stem cross section
The outer cell layer of the stem was epidermis covered with a layer
of cuticle

(Figure l).

Inside of the epidermis there were several

layers of sclerenchyma, The remaining cells (excluding the vascular
bundles) were parenchyma. The vascular bundles were scattered throughout
the parenchyma,
Each vascular bundle had a double sheath.
composedof parenchymacells,

The outer sheath was

The inner sheath was composedof
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E.

v.

Figure 1.

E. simplex stem cross section.

P.

(C., cuticle; E., epidermis;
S., sclerenchyma; V.B., vascular bundle; P., parenchyma;
ph., phloem, V., vessel of xylem.)
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sclerenchyma. These vascular bundles were typical of most monocotsThe xylem contained three large vessels, numerous tracheids,
and an air space (lacuna),

parenchyma,

The phloem was composedof sieve elements

and companion cells.
Inside all of the cells was the hollow air spece referred to as
characteristic

of the internode.

Leaf cross section
The adaxial surface of the leaf was deeply cleft between the veinsThe outer layer on the adaxial surface had prickles (single celled
macrohairs)o

(See Figure 2.)

Each leaf cross section had approximately 27 vascular bundles.
Fifteen of these were major bundles and 12 were minor.
The veins were major bundles, and between the veins were the
minor bundles.

Each vascular bundle had a double sheath; the outer

sheath was made of parenchymawith chloroplasts,
was sclerenchyma cells .. (See Figure
vessels, many tracheids,

3_)

and the inner sheath

The xylem contained three

and parenchyma. The phloem was cap-like over

the xylem and contained seive elements and companion cells.

The bundle

cap was made of several layers of sclerenchyma.
In E, simpZex there were two types of sclerenchyma (Figure 3).
The first

group was heavily lignified

with simple pits and small lumens_

The second group was lightly lignified.
The adaxial surface of the leaf contained epidermal cells of nearly
equal size.

There were no prickles on the abaxial surface of the leaf.

All of the area between the vascular bundles and the upper and
lower epidermis (excluding sclerenchyma) was composedof parenchyma
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~

~

~~

~~
_____

v.

B.

s.

~

•, ~,
'
1//

Ad.

s. -~--

,91

~.

Ab.

M. R.

I

~,
.·~,
~

·~~I

.·~~~
,
~

Figure 2.

E. simplex leaf cross section.

S., sclerenchyma fibers;
abaxial.)

(V.B., vascular bundle;
M.R., midrib; Ad., adaxial; Ab.,
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Ab.

c.

o. s.
B.

V.
P.

A.

s.

s.
Ad.

Figure 3.

E. simplex vascular bundle enlargement from leaf.

(Ab.,
abaxial; Ad., adaxial; S., sclerenchyma; C., cuticle;
E., epidermis; I.S., innersheath; O.S., outer sheath;
B., bulliform cell; V., vessel of xylem; A., airspace;
P., parenchyma; Ph., phloem.)
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cells,

Manyof the parenchyma cells had large concentrations of chloro-

plasts and were classified

as chloroenchyma.

Epidermis
The adaxial surface (epidermis) was composedof long and short cells
with an interlocking margin, The short cells always occurred in pairs.
The stomata were arranged longitudinally

in rows. Most of the stomata

occurred on the adaxial surface of the leaf.

The guard cells were

bioconcave with low dome-shaped subsidiary cells.

(See Figure 4.)
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P.

s.

Figure 4.

E. simplex leaf epidermis.
(S., subsidiary cell;
cell; L., long cell; S., short cell; P., prickle;

G., guard
st., stomata.)
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DISCUSSION
Plant specimens classified as E. si.mptex had rhizomes, were awn1ess
to 14 mmawnedlenmas, with subulate glumes, and had either paired or
solitary spikelets.
J. R. Swallen has treated E. aatina Jones with rhizomes as E.
This has occurred consistently since Hitchcock (1935) described

simplex.

E. aatina as though no rhizomes occur.

However,the type specimen of

E. eatina (Jones 5447) has rhizomes. WheneverE. satina is pulled

from the ground, the short rhizomes are lost,

so manyspecimens of

E. saZina show no rhizomes. If, however, plant specimens are dug up

and carefully removedfrom the soil, they show short rhizomes. E.
eimpZex has rhizomes up to 10 feet, comparedto E. satina with rhizomes

under 6 inches.
Typically, E. simpZex has one-two spikelets per node comparedto
E. satina with one spikelet per node. The chromosomenumbersare

different,

with E. simpZex 2!!_=28
and E. saZina 2.!!,=56
(Jensen, 1970).

The habitats of the two species differ, with E. simpZex growing on
alkaline flats and river banks and E. eatina growing on rocky slopes
and sagebrush hills.

E. simpZex has awns 3-14 mm(Plates 6-7) and

E. saZina is awnless to awn pointed (1-2 mm).

The other probable reason for the problems between E. simptex and
E. saZina was due to the treatment of Hitchcock (1951) where he described
E. simptex as though it has only one spikelet per node. He also described

other characteristics
type.

that are not found on plants growing in the topo-

It appears that Hitchcock (1951) confoundedthe description of
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E. simplex by examining specimens of E. salina with rhizomes and
combining the two into one description.
fitting

The majority of the plants

the original description of E. sirrrplex are those from the

topotype in Green River, Wyoming, These plants from Green River,
Wyoming,do not fit the descriptions of Hitchcock (1935, 1951).
The only chromosomeassociation was 14 bivalents or 2n=28, The
number of chromosomescan be seen in Plates l and 2,

Plate l shows

two cells in metaphase I, each showing 14 bivalents.

Most of these

bivalents occurred as ring bivalents,

and occasionally pollen mother

cells had one rod bivalent per cell.
Prophase I appeared normal in all of the cells observed.

How-

ever, in metaphase I some of the cells showed that the chromosomes
were sticky.

The division of the chromosomesat anaphase I (Plate

2) shows the sticky conditions existing in some cells as the first
division occurs,

Occasionally, a laggard would occur in telophase

I.

This species has a short prophase II with a partial

relaxation

of chromosomes. Metaphase II appeared normal. In some individuals,
the pollen mother cell would divide after the first
cells were definitely

division.

These

metaphase II because each diad had flared

chromatids (Plate 3).
The anaphase II and telophase II stages were normal, with a few
laggards in a portion of the cells.

The pollen tetrads were normal

with only 2 percent showing micronuclei as in Plate 4.
were the result of the laggards at telophase II.

These micronuclei

The percent of observed

21

Plate l.

E.

sirrrplex

isotype specimen.
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ISOTYPE

1971 COLLECTIONS

Plate 2. E. simplex spikes.

,

11
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Plate 3. E. simplex metaphase I.

(Twocells each showing 14 bivalents.)

24

Plate 4.

E. simplex anaphase I.

(One cell showing 28 chromosomes
segregating toward the poles.)
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laggards in telophase II matched the percent of micronuclei in the
pollen tetrads.
Judging by the percentage of stainable pollen (Plate 5), one would
expect the same percent of pollen fertility.
fertile,

So, if the pollen was

the seed set was low. Approximately 50 caryopses were found

in 50 spikes.

This was probably due to the fact that E. simplex

requires cross-pollination

and all those individuals within the topo-

type are from the same population.
The cytological portion of the research would indicate that E.
simplex is not a hybrid of recent origin.

distribution

The reasons for the species

resembling that of a hybrid are due to the low seed set

and the need for cross-pollination.
The epidermis consisted of long and short cells over the coastal
regions of the leaf.

The short cells occurred in pairs and the epi-

dermis contained only macrohairs.
dome-shaped subsidiary cells.

The guard cells were bioconcave with

The adaxial surface of the epidermis

contained 14-16 bulliform cells (Figure 2) between each major vascular
bundle,

The information agrees with Metcalfe (1960) for the diagnostic

characteristics

of the genus Elymus.

The diagnostic characteristics

for the genus Elymus (Metcalfe, 1960) were compiled using E. canadensis
L., E. condensatus J. and C. Presl.,
L., and E. interruptus

E. arena:t'ius L,, E. virginicus

Buckl,

The internal anatomy also agrees with the published data on Elymus
by Metcalfe (1960).
differentiate

However, each species has characteristics

that

it from other species (Jensen, 1970).

One special feature of E. simplex was the large number of bulliform
cells (14-16) between the veins.

The species of Elymus reported had a
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Plate 5. E. simplex metaphase II.

(One cell showing flaired chromatids.)
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Plate 6. E. simplex pollen tetrad with micronuclei. (One pollen tetrad
showing micronuclei in two of the four cells.)

28

.

-~. . •'

Plate 7.

simplex pollen grain. (Si_xstainable and one abortive
pollen grains stained with potassium iodide.)

E.
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smaller number of bulliform cells (Metcalfe, 1960). Other features of
the leaf include the two types of sclerenchyma, their position, and the
double sheath of the vascular bundle (Figures 1-2).

The stem cross

section (Figure 3) doesn't show any diagnostic characteristics

of

taxonomic importance.
The anatomical portion of the problem simply agrees with the past
literature

on the Festucoideae subfamily and the genus Elymus.

1-4 become important in comparison of E. simplex

Figures

and those closely

related species when separations are desired from the anatomy.
The soil type at the collection
pH range of 8.2-8.4.
summarized in Table 2.
a seed.

areas was a sandy clay with a

The plants associated with E. simplex are
The plant reproduces by rhizomes and occasionally

The approximate date of anthesis is June 28. The approximate

date of dormancy is October 8.

Table 2.

Species associated with E. simplex
Species
Agropyror. albioans
Scribn. & Smith
Agropyron dasystaohyum
(Hook.) Scribn.
Agropyron smithii
Rydb.
Agropyron spioatum
(Pursh) Scribn. & Smith
Agropyron traohyoaulum
(Link) Malte
Artemisia tridentata
Nutt,
Astragalus spp. L.
Distiohlis
stPiota
(Torr.) Rydb.
Elymus oinereus
Scribn. &Merr.
Gilia oongesta Hook.
Hordeum jubatum L.
Junous baltious
Willd.
Saroobatus vermioulatus
(Hook.) Torr.
Sitanion hystrix
(Nutt.) J. G. Smith
Sporobolus airoides
(Torr.) Torr.
Trigloohlin maritima L.
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CONCLUSIONS
E, sirrrpZexis not a recent hybrid, as indicated by the meiotic
chromosomebehavior.
ularities,

The meiotic chromosomesshowed infrequent irreg-

indicating that this species is not of recent hybrid origin.

E. sirrrpZexis capable of producing sexually and is distinct

cally, therefore it should be treated as a distinct

morphologi-

species.

One chromosomeassociation was found, that of 14 bivalents which
occurred in all of the pollen mother cells.

The chromosomenumber is

2n=28. Someof the pollen mother cells showed stickiness
I.

at metaphase

Meiotic division were normal throughout most of the cells.

Laggards

were seen in 2.4 percent of the 288 cells observed at telophase II,
Micronuclei were found in 2.5 percent of the 322 tetrads,

This

correlated closely with the percent of laggards at the second division.
Pollen fertility
fertile

pollen.

was better than expected, with over 96 percent

The seed set was poor in this species (one caryopsis

per spike was found),

With the high pollen fertility,

it is expected

that the low seed set is probably due to the fact that this species
may have to be cross-pollinated.
The anatomy was typical of the Festucoideae subfamily and very
typical of the genus EZymus. The morphology followed the original
description of Scribner and Williams (1898) and not the description of
Hitchcock (1951).
This species requires a high amount of sunlight in an open alkaline
soil.

It occurs in open sites having many long rhizones that could

serve as an excellent soil binder for exposed road cuts.
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